Amino acids regulate hepatocyte proliferation through modulation of cyclin D1 expression.
The mechanisms by which amino acids regulate the cell cycle are not well characterized. In this study, we examined the control of hepatocyte proliferation by amino acids and protein intake. In short-term culture, hepatocytes demonstrated normal entry into S phase and cell cycle protein expression in the absence of essential amino acids. However, deprivation of a set of nonessential amino acids (NEAA) potently inhibited cell cycle progression and selectively down-regulated the expression of proliferation-control proteins. Notably, NEAA withdrawal after the mitogen restriction point still inhibited entry into S phase, suggesting that these amino acids regulate a distinct checkpoint. Cyclin D1, an important mediator of hepatocyte proliferation, was markedly inhibited at the transcriptional level by NEAA deprivation, and transfection with cyclin D1 (but not cyclin E) overcame the cell cycle arrest. As previously shown, protein-deprived mice demonstrated impaired hepatocyte proliferation in vivo after 70% partial hepatectomy. The expression of cyclin D1 and downstream cell cycle proteins after partial hepatectomy was inhibited in these mice. Transfection with cyclin D1 in vivo triggered hepatocyte DNA synthesis and the expression of S phase proteins in the absence of dietary protein. Cyclin D1 also induced global protein synthesis in NEAA-deprived hepatocytes and promoted liver growth in vivo in the setting of protein deprivation. These results indicate that cyclin D1 is a key target of amino acid signaling in hepatocytes.